Abstract For women with breast cancer who undergo mastectomy, immediate breast reconstruction (IR) offers a cosmetic and psychological advantage. We evaluated the association between demographic, hospital, surgeon and insurance factors and receipt of IR. We conducted a retrospective hospital-based analysis with the Perspective database. Women who underwent a mastectomy for invasive breast cancer (IBC) and ductal carcinoma in situ (DCIS) from 2000 to 2010 were included. Logistic regression analysis was used to determine factors predictive of IR. Analyses were stratified by age (\50 vs. C50) and IBC versus DCIS.
Introduction
In 1983, the results of the only randomized trial comparing immediate breast reconstruction to delayed reconstruction in 64 women undergoing a mastectomy for breast cancer was published [1] . The study was conducted to determine if morbidity, cosmetic outcomes, and psychological benefits differed between these groups. The study concluded that women who underwent immediate breast reconstruction had less psychological morbidity at 3 months following mastectomy [1] . As then a number of cross-sectional and prospective studies of breast reconstruction have been reported, most of which suggest an improvement in psychological health, self-esteem, sexuality, and body image [2] [3] [4] [5] , without compromising local recurrence rates [6, 7] . This is particularly true for young women with breast cancer. Based on this evidence, in October 1998 the Women's Health and Cancer Rights Act (WHCRA) was signed mandating that group health plans, health insurance companies, and HMOs that cover mastectomy, must also cover the costs of reconstruction.
Despite the benefits, surprisingly few patients undergo immediate breast reconstruction. Studies of women diagnosed in the mid-1990s found rates of immediate postmastectomy reconstruction ranging from 3 to 8 % [8] . While subsequent studies in early 2000 reported rates increasing to 25 % [9] , these rates are variable and dependent on the composition of the cohort being analyzed. The proportion of patients undergoing immediate reconstruction is higher when patients are treated in specialized centers with dedicated surgical oncologists and available reconstructive surgeons [10] . With regard to delayed reconstruction, in the trial by Dean et al. [1] , only 6 of the 31 women randomized to delayed reconstruction underwent reconstructive surgery within a year after mastectomy. Recent population-based studies report that only 3 % of women undergo delayed reconstruction after mastectomy [11] .
Several studies analyzing data from the 1990s have evaluated factors that influence receipt of post-mastectomy reconstruction in women with invasive cancer only [11] [12] [13] [14] . African-American race and Asian ethnicity have consistently been associated with a reduced likelihood of undergoing reconstruction [8, 11, 12] . Younger age, higher education levels, and income increase the likelihood of reconstruction [8, 11] . The goal of this study was to evaluate the association of demographic, hospital, physician, and insurance factors with receipt of immediate breast reconstruction and complications in the decade following the signing of the WHCRA, and to evaluate the immediate complications associated with IR compared to mastectomy alone in women with invasive breast cancer (IBC) and ductal carcinoma in situ (DCIS).
Patients and methods

Data source
We utilized the Perspective database (Premier, Charlotte, North Carolina), a voluntary, fee-supported database originally developed to measure resource utilization and quality of care. Perspective contains a representative sample of more than 600 acute-care hospitals throughout the United States that contribute data on inpatient hospital admissions [15] . Each participating institution submits electronic updates on a quarterly basis. The data are audited regularly to ensure quality and integrity. In addition to patient demographics, disease characteristics, and procedures, the database collects information on all billed services. The Perspective database has been utilized in a number of outcomes studies [16, 17] 
Clinical and demographic characteristics
Demographic data analyzed included age, race (white, black, other), marital status (married, single, unknown), and insurance status (Medicare, Medicaid, commercial, self-pay, and unknown). The hospitals at which patients were treated were characterized by location (urban, rural), region of the country (northeast, mid-west, west, south), size (\400 beds, 400-600 beds, and [600 beds) and teaching status (teaching, non-teaching). Risk adjustment for comorbid conditions was performed using the Charlson comorbidity index [18] . The ICD-9 coding to define the Charlson index as reported by Deyo et al. [19] was utilized.
Procedure volume
For each surgeon and hospital, we determined the total number of mastectomies performed during the study period. As not all physicians and hospitals contributed data for the entire study period, we calculated annualized procedure volumes. The annualized procedure volume was estimated by dividing the total number of subjects of a given surgeon or hospital who underwent a mastectomy by the number of years a given surgeon or hospital contributed at least one mastectomy to the database. [20, 21] .
Outcomes and costs
The primary outcome of the study was receipt of immediate post-mastectomy reconstruction. Secondary outcomes included a stratified analysis by age group (\50; C50). This cutoff was chosen so that we could specifically look at receipt of IR in young women. In addition, individual complications, rates of transfusion, prolonged length of stay (mean), and perioperative mortality were compared. Perioperative morbidity was classified into the following categories: (1) perioperative complications (abscess, wound complication, operative injury) and (2) medical complications (venous thromboembolism, myocardial infarction, cardiopulmonary arrest, acute renal failure, respiratory failure, cerebrovascular accident, bacteremia/sepsis, shock, and pneumonia). A composite score of any morbidity was determined based on the occurrence of one or more of the above complications in a patient.
The Perspective database includes an itemized, datastamped log of all items that are billed to a patient including drugs, laboratory and radiologic tests, and therapeutic services during the hospitalization. Within the Perspective database, approximately three quarters of hospitals submit direct cost data taken from internal accounting systems. The remaining institutions provide estimates based on Medicare cost to charge ratios [15, 17, 22] . Patients with a hospital cost of greater than or less than 3 standard deviations above or below the mean were excluded and all costs were reported in 2010 US dollars [23] . Cost data from perspectives have been utilized in a number of outcomes studies [15, 17, 22] .
Statistical analysis
Frequency distributions between categorical variables were compared using v 2 tests, while continuous variables were compared with one-way ANOVA. The association between the outcomes of interest and reconstruction was assessed using multivariable logistic regression models that included patient, surgeon, and hospital characteristics. Results are reported with odds ratios (OR) and 95 % confidence intervals. Analyses were performed, stratified by age category and by invasive vs. DCIS. Interactions between key variables and year of mastectomy were evaluated. All analyses were performed with SAS version 9.2 (SAS Institute Inc, Cary, North Carolina). All statistical tests were two-sided.
Results
We identified 108,992 women with IBC and 14,710 women with DCIS who underwent mastectomy, and of these, 30,859 (28.3 %) of women with IBC and 6,501 (44.2 %) with DCIS underwent immediate breast reconstruction. The prevalence rate of immediate breast reconstruction was 2.5-fold higher among women \50 years (51.3 %) than those C50 years (20.5 %). The clinical and demographic characteristics of the sub-cohorts are displayed in Table 1 .
For women with IBC, the prevalence rate of immediate reconstruction increased with time from 17.7 % in 2000-2002 to 35.7 % in 2009-2010. While rates increased over time across all insurance types, the increase was striking for women with commercial insurance (40.1-57.8 %: Fig. 1a) . The rates of reconstruction also increased dramatically for women under the age of 50 (46.4-63.9 % : Fig. 1c) ; however, the rates in women [70 years increased but remained low (4.8-9.3 %). Throughout the decade black women were less likely to undergo reconstruction (Fig. 1b) . For women \50 with commercial insurance, the rate of reconstruction for women with IBC in 2009-2010 was 67.0 %, and for women with DCIS it was 78.9 %.
All the clinical and demographic characteristics evaluated were associated with immediate reconstruction in women with IBC and DCIS (Table 1) . In a multivariable model including only women with IBC ( (Table 2) . Table 3 shows the multivariable models stratified by age. The associations between younger and older women are similar; however, the association between commercial insurance and reconstruction was stronger for women\50 versus C50 years (OR 3.71 vs. 3.08, respectively). The absolute difference between the proportion of patients who received IR with commercial insurance versus the other types of insurances increased over time (interaction; p = 0.02) (Fig. 1a) .
As seen in Table 4 , rates of any immediate in-hospital complication were low, but highest for women undergoing flap reconstruction (6.1 % mastectomy alone vs. 4.0 % with implant reconstruction and 15.2 % with flap reconstruction) (p \ 0.0001). The difference was largely driven by blood transfusion rates, which were 2.1, 0.8, and 8.4 %, respectively. Mean length of stay decreased over time (Fig. 2) , and was highest for women with a flap reconstruction (3.4 days) as compared to implant (1.8 days) and mastectomy alone (1.7 days). The mean hospital costs over the 10-year period for women undergoing mastectomy alone was $5,724, whereas the mean costs for women undergoing mastectomy and flap reconstruction was $15,866. For those who underwent implants, the mean charges were $11,602. The hospital costs associated with mastectomy and either type of reconstruction increased at a greater pace over time than the cost of mastectomy alone (Fig. 2) .
Discussion
Despite the reported benefits, our findings suggest that the rate of immediate reconstruction following a mastectomy for breast cancer remains low for women with both IBC (28 %) and DCIS (44 %) for the decade following the signing of the Women's Health and Cancer Rights Act. Reassuringly, however, the rates have increased significantly over time, specifically in young women and women with commercial insurance. The likelihood of receiving this procedure still appears to be strongly influenced by modifiable factors, such as insurance status and physician and hospital characteristics. These findings are particularly important given the recent increase in the number of women undergoing mastectomy, and the increasing cost of immediate reconstruction over time [24, 25] . While flap reconstruction is associated with higher hospital costs and an increased mean length of stay, mean length of stay has decreased over time. In addition, while the acute complication rates and transfusion rates are higher for flap reconstruction, complications rates were similar for mastectomy alone and mastectomy with implant reconstruction, which may be related to patient selection factors To date, there has been only one small randomized trial comparing immediate reconstruction to delayed reconstruction [1] , which was limited by reporting bias, lack of inclusion of patient reported outcomes, and a limited number of patients for whom delayed reconstruction was performed [26] . Despite this, guidelines suggest that immediate reconstruction is safe, well accepted by patients and should be offered to all women because of its cosmetic and psychosocial benefits [6] . Furthermore, over the past 30 years, advances in breast reconstructive techniques have expanded the choices for women undergoing mastectomy. Options include autologous tissue flaps and implants with tissue expanders. Each reconstructive technique has its own advantages and limitations; however, it is clear that the cosmetic outcome with each has improved over time, and is superior to delayed reconstruction. Some debate exists, however, on the best timing for women undergoing postmastectomy radiation therapy [27] . In addition, there are fewer surgical procedures and hospital admissions with immediate compared to delayed reconstruction, resulting in lower health care costs [28] . We found that commercial insurance had a strong influence on receipt of post-mastectomy reconstruction, which may have been influenced by the establishment of the WHCRA. Women with commercial insurance had a three-fold higher likelihood of undergoing immediate reconstruction compared to those without insurance. This is consistent with a study from California in which decreased reconstruction rates were observed in patients with Medical public insurance [11] . We also found that the influence of insurance status on receipt of reconstruction has increased over time as have the hospital costs of reconstructive surgery with mastectomy, which increased at a steeper rate than the cost of mastectomy alone. Treatment costs influence receipt of care. In a population-based study, evaluating guideline-based cancer therapy, adherence to guidelines was particularly low for patients with Medicaid or Medicare only, compared to commercial insurance [29] . Furthermore, the risks of high out-of-pocket financial burdens are significantly greater for patients with cancer compared with other chronically ill and well patients, and these high burdens may affect treatment choice and deter patients from getting care [30] . The association between socioeconomic status and a patient's receipt of guidelinebased cancer care as well as survival outcome is consistent [31] [32] [33] [34] , further supporting the influence of high cancer care costs on the administration of optimal cancer care. It is unclear why hospital costs of reconstruction have increased so sharply given the overall decrease in length of stay over time.
We were surprised to see that the rate of immediate reconstruction in women under age 50 was only 51 % given that the distress and changes in body image and sexuality may be more pronounced in younger women [35] . Young adults with cancer may be a particularly vulnerable group [36] [37] [38] . Patients in this age group have the lowest rates of health insurance coverage, frequent delays in diagnosis, and the lowest accrual to clinical trials [37] . Against this background, young adults with cancer have unique challengesmedically, psychosocially, and economically-that are now beginning to be appreciated and addressed, which may result in improved treatment quality [38] . Reassuringly, by 2009-2010 rates of reconstruction were highest amongst young women with DCIS who had commercial insurance at 79 %.
We have identified a number of other modifiable factors associated with breast reconstruction. The hospital setting in which patients received care and the volume of the surgeon who performed the mastectomy also had a strong impact on the allocation of care. Women treated at large facilities (more beds) with higher procedure rates and at (A) (B) (C) Fig. 1 Annual rates of immediate breast cancer reconstruction following mastectomy by a type of insurance, b race, and c age category non-teaching hospitals were more likely to undergo reconstruction while those treated at rural hospitals were more than 50 % less likely to undergo immediate reconstruction. We also found regional variation in the use of IR, which has been found in other studies, and may represent reimbursement policy, education, and access [39] . Patients treated by physicians with high volume are more likely to undergo immediate reconstruction compared to surgeons with low volume. A recent report from a survey mailed to plastic surgeons found that perceived financial constraints by third-party payers was inversely associated with the volume of breast reconstructive surgeries [40] . In other settings, hospital and surgeon characteristics have also been associated with the quality of care a patient receives [21, 41, 42] . These factors are modifiable, and educational interventions should be assessed to improve access to optimal care [43] .
Like other studies [11] [12] [13] , we found that black women were significantly less likely than white women to undergo reconstruction. This was true for both younger and older women. In a study by Alderman et al. [13] , minority women were significantly less likely to see a plastic surgeon prior to surgery and to desire more information about reconstruction. Other investigators have also reported that lack of knowledge and a greater perception of barriers to the procedure were more common among AfricanAmerican patients [14] . Prior research has shown that the quality of the hospital as measured by the number of patients that receive guideline care, and the hospital volume explain some of the reported racial disparities in the receipt of definitive breast cancer therapy [44] . We recognize several important limitations in our study. While the Perspective database contains a very large sample of women from throughout the US, the data have a relatively higher proportion of patients treated at small to mid-size, non-teaching, urban facilities. As such, our findings may not be generalizable to the entire US healthcare system. Perspective lacks data on tumor characteristics such as histology, grade, and stage, all of which are known to influence reconstruction rates, and are likely the reason for lower rates of IR in women with invasive cancer compared to women with DCIS. Post-mastectomy radiation may have decreased the likelihood of women with invasive cancer undergoing IR; however, the predictors of IR were identical in women with DCIS, where post-mastectomy radiation is not performed. We also note that the complications captured are only during the initial hospitalization and underestimate total complications, as many occur after discharge. The cost data were obtained from the initial hospitalization, but does not include costs associated with implant insertion that may occur at a later timepoint, or does it differentiate more specifics related to types of flap reconstruction. While the duration of recovery and risks of complications are significant concerns, many patients report that they ultimately follow [40] . Even with patient reports, differentiating the influence of the surgeon and setting from patient choice can be difficult. Finally, there is no information on delayed reconstruction; however, studies suggest that the rates are only about 5 % [11] . While using immediate post-mastectomy reconstruction has increased over the past 10 years, the overall rates still remain somewhat low, with 28 % of all women, and 51 % of women \50 years receiving immediate reconstruction. Insurance status is one of the strongest predictors of immediate reconstruction, and its influence in the likelihood of undergoing reconstruction has increased over time. Furthermore, because these factors are modifiable, interventions could be assessed to improve the quality of care in hospitals with a low volume of procedures, increase access for women who live in rural areas and among surgeons with few cancer procedures. In New York state, one such intervention was a law passed in 2010 (A10094B/S6993-B) that states that ''every hospital performing breast surgical procedures must provide information in writing to patients prior to any breast cancer surgery, explaining the reconstructive options and the advantages and disadvantages of each.'' It will be important to determine if interventions such as this influence reconstruction rates.
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